The representative risk evaluation techniques of the marine traffic environment are the FSA, PAWSA, and IWRAP. For the development of these techniques, the risk factors suitable to the marine traffic environment should be selected and the assessment criteria of these risk factors should be provided. The risk factors were selected as the factors that relate both to the frequency of casualty and to the consequence of casualty because the risk was defined as the frequency of casualty times the consequence of that casualty on the existing techniques. But, the risk factors related to the consequence of casualty are excluded because the risk was defined as the sum of the risk factors including the frequency and the consequence by factors on the previous paper related to this study. The twenty kinds of risk factors to compose the risk are selected and classified into five categories according to similar nature through the analysis of the representative risk evaluation techniques on the same paper.
1) 1. Introduction
The representative risk evaluation techniques of the marine traffic environment are the FSA, PAWSA, and IWRAP. For the development of these techniques, the risk factors suitable to the marine traffic environment should be selected and the assessment criteria of these risk factors should be provided. The risk factors were selected as the factors that relate both to the frequency of casualty and to the consequence of casualty because the risk was defined as the frequency of casualty times the consequence of that casualty on the existing techniques. But, the risk factors related to the consequence of casualty are excluded because the risk was defined as the sum of the risk factors including the frequency and the consequence by factors on the previous paper related to this study. The twenty kinds of risk factors to compose the risk are selected and classified into five categories according to similar nature through the analysis of the representative risk evaluation techniques on the same paper.
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In this study, based on the previous paper, the consequence of risk factors were calculated through the questionnaire survey of the marine traffic experts, and the relative importance of risk factors were analyzed through the questionnaire by the marine traffic experts using analytic hierarchy process (AHP). These results of analysis will be used as the foundation of the risk assessment model's development for the domestic marine traffic environment on future studies.
Review of Previous Paper
The risk was expressed as the risk matrix ( Table 1) that is the sum of the frequency index and the consequence index (Table 2) by equation (1) and (2) on the previous paper (IMO, 2002) . Also, on the same previous paper, the twenty kinds of risk factors (Table   3 ) to compose the risk and its assessment criteria (Table 4) Table 4 . But the counting-method of the frequency index was suggested as the days per year or the ratio (or number) per sea area of the assessment criteria in Table 4 on the previous paper.
Consequence Index of Risk Factors
The risk level of each risk factor in Table 3 The assessment criteria of each risk factor in Table 4 were suggested to the respondents, and then the respondents answered the size of consequence for each risk factor using the consequence index of 1 to 5 scale in Table 2 . The average value of answer is showed in Table 5 . The level of risk of each risk factor is expressed as the risk index of 1 to 10 scale in Table 1 that is the sum of the frequency index for each risk factor and the average value of the consequence index for each risk factor in Table 5 . 
Relative Importance of Risk Factors
The equation (3) shows that the risk is expressed as the sum of the whole risk factors to compose the risk, each risk factor has different size of weight. The 'ω i ' means the relative importance of each risk factor in equation (3), and is used as the weight of each risk factor on the total risk.
where R denotes risk, R fi is risk factor, and ω i is weight.
The pairwise comparison between the five risk categories and between the four risk factors in each risk category was conducted using AHP method to analyze the relative importance for the five kinds of risk categories and the twenty kinds of risk factors in Table 3 .
The AHP method has recognized as the major method of The basic AHP model form the goal at the top, the criteria at the middle, and the alternatives at the bottom. But, the criteria is divided into the sub-criteria or the sub-sub-criteria if necessary.
Therefore, the classification of the risk categories and the risk factors in Fig. 4 on this study correspond to these basic AHP structure, that is, the risk of marine traffic environment denotes the goal, the risk categories are the criteria, and the risk factors are the sub-criteria (the alternatives are not necessary on this study). between factors of each hierarchy is used 1 to 9 scale in Table 6 generally (Saaty, 1994 But some respondents may answer that C is more important than
A. This logical contradiction of respondent is measured as inconsistency ratio in AHP method. In case that inconsistency ratio of pairwise comparison is zero, it means that respondent keep consistency perfectly. If inconsistency ratio is more than 0.1, it means lack of consistency, the pairwise comparison of this case must be reviewed.
In this paper, the relative importance and inconsistency ratio by pairwise comparison were analyzed using AHP software 'MakeIt'.
The targets of questionnaire for pairwise comparison are the same with the marine traffic experts of chapter 3 on this paper. Total of one hundred copies of questionnaire were analyzed except the unfaithful answer (inconsistency ratio more than 0.1) sheets of twenty copies. Table 7 is the pairwise comparison matrix that is the analysis result of the relative impotance between five risk categories in Fig.   4 . Each values of matrix in Table 7 
C is traffic conditions, D is Vessel conditions, and E is Assistance conditions.
The five tables from Table 8 to Table 12 are the pairwise comparison matrices that are the analysis results of the relative importance between four risk factors by each risk categories in Fig.   4 . The total priorities in these tables are calculated using the priority of each risk categories in Table 7 as the percentage. Fig. 5 shows that the relative importance of traffic condition is 28.0%, fairway condition is 25.9%, natural condition is 18.0%, vessel condition is 16.8%, and assistance condition is 11.3% in five risk categories to compose the risk of the domestic marine traffic environment. In other words, it is analyzed that the relative importance of fairway condition and traffic condition are higher than the average value 20.0%, and the relative importance of natural condition, vessel condition, and assistance condition are lower than the average value 20.0%. Fig. 6 is a bar graph that express the total priority of each risk factors from Table 8 to Table 12 as the percentage. Fig. 6 shows that the relative importance of visibility restriction is the highest These analysis results of the relative importance for each risk factor are used as the weight of each risk factor, and are multiplied by the risk index of each risk factor shown in equation (3) . Therefore, the total risk of the analyzing marine traffic environment is able to express as the sum of the risk index of each risk factor applying the weight on this study.
An Analysis on the Relative Importance of the Risk Factors for the Marine Traffic Environment using Analytic Hierarchy Process
Conclusion
The risk was defined as the risk index that is the sum of the frequency index and the consequence index, and the five kinds of risk categories and the twenty kinds of risk factors were classified for the domestic marine traffic environment on the previous study.
The average value of the consequence index for each risk factor was calculated through the questionnaire by the marine traffic experts on this study. Also, the weight of each risk factor was analyzed through the questionnaire by the marine traffic experts using AHP method. The analysis result of the weight was that the traffic condition is the highest among the five risk categories, the visibility restriction is the highest among the twenty risk factors.
Therefore, the whole process to calculate total risk was provided for the analyzing marine traffic environment on this study.
The previous study is the basic step, and this study is the middle step for the development of risk assessment model using the qualitative evaluation by stakehoders and the quantitative data for domestic marine traffic environment.
The user-familiarized risk assessment model for the marine traffic environment using EXCEL software will be developed on the following-future study as the final output of these study process. Then, the comparative study of the risk for the marine traffic environment will be carried out on all domestic ports and waterways using this model. Also, the reliability improvement of the developing risk assessment model will be going on at the same following-future study.
